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Mild Cognitive Impairment (MCI) is thought to be a transitional stage between
normal aging and dementia of Alzheimer’s type. The leading criteria of MCI include 1)
Memory complaint, preferably corroborated by an informant; 2) Objective memory
impairment; 3) Normal general cognitive function; 4) Intact activities of daily living; 5)
Not demented (Peterson et al., 1997; 1999; 2001a; 2001b). However, some researchers
have challenged the 4th criterion of Peterson with the observations that MCI subjects have
defects in instrumental activities of daily living (IADL) (Artero et al., 2001; Griffith et al.,
2003; Nygård, 2003).
Early detection of MCI and Alzheimer’s disease (AD) is very important because
cognitive decline can be potentially arrested or reversed by therapeutic intervention.
However, especially in Asia, there are few researches which focus on screening for MCI
and early AD. In addition, few studies are involved in differentiating and evaluating
screening instruments which include cognitive tests and informant report questionnaires.
In this study, we manage to investigate, using cross-sectional approach, whether
there are differences among normal persons, MCI subjects, and AD patients in terms of
IADL. We also compare the screening accuracy of a number of cognitive and non-
cognitively oriented instruments on subjects who have been classified as ‘Normal 
(cognitively intact)’ or ‘Non-normal (cognitively impaired)’. ‘Non-normal’subjects
include those with MCI and early AD. Receiver operating characteristics curve (ROC),
area under curve (AUC), sensitivity and specificity are utilized to evaluate the screening
ability of these individual or combined questionnaires.
VOur sample included 144 subjects aged from 65 to 90 years: 88 normal elders
(CDR=0), 37 MCI subjects (CDR=0.5), and 19 mild-moderate AD patients (CDR=1, 2).
MCI subjects performed significantly worse than normal persons but better than AD
patients in instrumental activities of daily living (IADL) (p<0.01). A new four-item
‘4IADL’ scale was created based onAlzheimer’s disease Cooperate Study (ADCS)-MCI
ADL and administered as an independent predictor of MCI-AD. Among the individual
instruments, informant report of memory problem (AUC 83.2%), 4IADL (AUC 84.7%),
Logical memory immediate recall (LM-I) (AUC 87.1%) and delayed recall (LM-II)
(AUC 90.8%) gave better screening accuracy to identify MCI-AD patients than MMSE
(AUC 77.9%). Overall, combining these instruments gave better screening accuracy than
any instrument alone. Combining informant report of memory problem, 4IADL and LM-
II was most accurate (AUC 94.5%). Combining informant report of memory problem and
4IADL, which are easy to use in the clinic setting, also gave good accuracy (AUC 91.6%).
According to this sample, MCI subjects do have deficits in IADL performance.
The 4IADL scale (finding belongings, managing finances, keeping appointments, and
reading followed with discussing contents) is an indicator with satisfactory ability in
predicting MCI and early AD. This indicator when used with the single item ‘informant
report of memory problem’ has satisfactory validity as a screening tool to identify 
subjects with MCI and AD.
Therefore, clinicians may use these two instruments together to detect probable
MCI/AD patients, enabling them to receive formal diagnosis and treatment promptly.
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CHAPTER 1 LITERITURE REVIEW
Introduction
Many researchers who pay attention to dementia have pointed out that Mild
Cognitive Impairment (MCI) is a transitional stage between normal aging and dementia
of Alzheimer’s type(Peterson et al., 1997; 1999; 2001a; 2001b). Elderly with MCI
develop Alzheimer’s disease (AD) more easily than normal elderly.In one evidence-
based review, Petersen and his colleagues found the rate of progression of MCI to AD
was between 10-12% per year compared with normal subjects without cognitive
impairment who converted to dementia at a rate of 1%-2% per year (Peterson et al., 1999,
2001a). Nearly 80% of the elderly with MCI progressed to dementia over 6 years
(Petersen, 2001c). With the aging of the population, dementia has become a serious
disease which impairs the health of the elderly and is a heavy burden for society. As the
effectiveness of current treatments is limited in established dementia, early diagnosis of
dementia is therefore very important. MCI as the conversion stage between normal aging
and AD has therefore attracted increasing attention. The MCI stage may be the optimum
stage at which preventive therapies can be employed to intervene (Chertkow et al., 2002).
Hence, the goal of research is to distinguish old persons with MCI from cognitively intact
old people, and possibly delaying the onset of AD.
Scientists are making attempts to create safe and tolerable medicines that can
delay the onset of AD. Among these potential drugs, antioxidants such as vitamin E have
been demonstrated to delay the onset of AD, and vitamin E is being studied in patients
with MCI (Grundman, 2000). In addition, several clinical trials have already been
initiated to test the use of cholinesterase inhibitors and anti-inflammatory drugs in
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patients with MCI (Petersen et al., 2001a). With the development of new medicines,
doctors may aggressively treat the elderly with MCI to delay the inception of AD.
Mild Cognitive Impairment (MCI)
What is mild cognitive impairment (MCI)? MCI could be delineated as a stage in
which memory function is impaired to an extent that is greater than would be expected
for the age, yet not meeting the criteria for dementia of Alzheimer’s type (Petersen et al.,
1997; 2001; Chertkow, 2002; Karlawish et al., 2003). However, there is still no
consensus on the inclusion criteria for MCI. A leading definition of MCI is the criteria
developed by Petersen et al. (Peterson et al., 1999; 2001a). (See table1) This set of criteria
has been modified to varying extents among different researches. For example, Howard
Chertkow (2002) suggested that the 4th item could be replaced by ‘Preserved basic day-
to-day functioning’ and an additional item ‘No other obvious medical neurologic or 
psychiatric explanation for the memory problems’could be supplied. However, most
researchers in America adopt Petersen’s criteria to identify subjects with MCI.
Table 1, MCI criteria
1, Memory complaint, preferably corroborated by an informant;
2, Objective memory impairment;
3, Normal general cognitive function;
4, Intact activities of daily living;
5. Not demented.
In practice, the set of criteria for diagnosing MCI sometimes is often confused
with other commonly used terms, such as age-associated memory impairment (AAMI),
aging-associated cognitive decline (AACD), and cognitive impairment no dementia
(CIND). AAMI and AACD are more commonly used in Europe compared with MCI
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which is predominant in America (Ritchie et al., 2001). A group of researchers convened
by the National Institute of Mental Health (NIMH) in 1986 defined AAMI as requiring
subjective complaints of memory loss in people aged at least 50 years, in conjunction
with formal memory test performance that is at least one standard deviation below
established means for young adults (Richards et al., 1999) (See Table 2).
Table 2 Diagnostic criteria for age-associated memory impairment (AAMI)
1, Scores for any of the memory tests at least one standard deviation below the means for
a normative group ( N=400, age ranging from 18-50 years);
2, Presence of symptoms of memory decline, elicited by consultation with the participant
and family members;
3, Absence of dementia according to DSM-III-R (Diagnostic and Statistical Manual of Mental
Disorders-Revised Third Edition) criteria;
4. Absences of other causes of cognitive impairment such as depression and neurological
and systemic illness.
The criteria of AAMI focus on the comparison of memory between aged persons
and young persons but not the comparison between aged persons who have impaired
memory and the normal older adults. AAMI is less emphasized and workable in recent
studies because in fact nearly all normal elderly would have been included if researchers
had admitted the criteria above (Blackford et al., 1989; Zaudig et al., 1992).
Raymond Levy et al (1994) provided the provisionally diagnostic criteria for
AACD. (See Table 3) According to our review, this concept appeared one year before the
article in which MCI was introduced by Petersen and his colleagues (Petersen et al.,
1995).
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Table3. Diagnostic criteria for age-associated cognitive decline (AACD)
1, A report by the individual or a reliable informant that cognitive function has declined;
2, Onset of decline must be gradual and have been present for at least 6 months;
3, The disorder is characterized by difficulties in any one of the following areas: memory
and learning; attention and concentration; thinking (e.g., problem solving, abstraction);
language (e.g., comprehension, word finding); visuospatial functioning;
4, An abnormality of performance on quantitative cognitive assessments for which age
and education norms are available for relatively healthy individuals. Performance must be
at least 1 SD below the mean value for the appropriate population;
5. Exclusion criteria. None of the abnormalities listed above is of a sufficient degree for a
diagnosis of mild cognitive disorder or dementia to be made. Other physical and
psychiatric reasons which can cause cognitive decline are excluded.
The differences between AACD and MCI can be explained as follows. Theoretically,
the concept of AACD was developed on the basis of normal biological aging process. In
addition, it is used to reflect the extremes of normal aging rather than to describe a
precursor of pathological aging. There is no recommendation for using pharmacological
interventions on subjects with AACD. However, MCI is assumed to be based on
pathological process and amenable to intervention. According to the criteria of AACD
there is a wider range of cognitive functions (attention, memory, learning, thinking,
language, and visuospatial function) which decline. Nevertheless, MCI criteria load
heavily on memory impairment which may appear at the very earliest stage of dementia,
especially Alzheimer’s type (Petersen et al., 2001b; Ritchie et al., 2000; 2001; Chertkow,
2002). Besides, neuroimaging studies support the opinion that MCI shares features with
AD, such as hippocampal atrophy (Jack et al., 1999). One other study also pointed out
that most subjects with MCI had neurofibrillary tangles in the hippocampus and
Page 5 of 77
entorhinal cortex which underlie the neuropsychological change of AD (Troncosco et al.,
1996). However, there is little evidence in support of the opinion that subjects with
AACD have obvious changes with respect to neuroimaging and neuropathology. As the
focus of this thesis is on MCI, the investigation of the difference between MCI and
AACD is beyond the scope of this thesis.
The concepts of AAMI and AACD do not link mild cognitive declines to
pathological states. That means such declines are not due to underlying diseases (Ritchie
& Touchon, 2000). Yet one other nosological entity, CIND, which is based on exclusion
of dementia, includes some subcategories such as delirium, substance abuse, depression,
psychiatric illness, mental retardation, and circumscribed memory impairment. The
concept of CIND was first used in the Canadian Study of Health and Aging and identified
by clinical examination and neuropsychological testing. But the criterion of CIND was
not clearly stated (Graham et al., 1997). The Canadian Study showed that circumscribed
memory impairment accounted for 31.7% of all CIND cases and the prevalence was
5.3% which was similar with the prevalence of MCI (5.3%-7.2%) from Finland
(Hänninen et al., 2002). Although CIND and MCI are applicable to cognitive impairment
in the elderly only, the difference between the concept of CIND and MCI in terms of
functional ability should be noted. The elderly with MCI ought to be without difficulties
in ADL according to Petersen’s criteriabut some elderly people with CIND may have
functional restrictions. Also, Ritchie et al (2000) had highlighted the possibility that MCI
might be a risk factor for AD rather than being generally thought to be a direct
manifestation of a systemic disease.
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Presently many longitudinal studies related to MCI are in progress worldwide.
Researchers are giving increasing attention to MCI instead of other similar entities
because they believe that there should be an abnormal phase between normal aging and
dementia of AD type. We have therefore made MCI the focus of this thesis.
Since there are no consensuses on specific cognitive tests to identify memory
impairment in MCI subjects, different investigators have classified subjects with MCI
using their particular methods. Some researchers classified subjects with scores of
MMSE one SD below the age- and education-specific mean as having MCI (Palmer et al.,
2002; Forsell et al., 2003). In another study, the authors divided MCI into two types. One
was MCI amnestic type in which subjects with isolated progressive or static memory
deficits (delayed-recall verbal memory, nonverbal memory, or both) obtained a score of
1.5 SD below the mean on a standardized test compared to individuals of the same age
and level of education. Petersen (2001) also noted that current discussions had centered
on the concept of an amnestic MCI. This means subjects show impairment on memory
test only and not on tests measuring other cognitive functions. Obviously these criteria
are developed around memory impairment. Many of these subjects with amnestic MCI
would likely progress to clinically probable AD (Petersen, 2001C).The other type of MCI
was multiple cognitive deficits-type in which participants with a progressive or static
deterioration in at least 1 cognitive domain (not including memory), or 1 abnormal test
(1.5 SD below the mean adjusted for age and education) in at least 2 other domains, but
who had not crossed the threshold for dementia (Lyketsos et al., 2002). Palmer
emphasized MCI was not a formal diagnostic criterion but a relatively novel concept that
was being investigated from a number of perspectives (Palmer et al., 2003).
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Even though some researchers identified MCI cases according to Petersen’s 
suggestions, they did not follow those criteria rigidly. The most controversial point was
about activities of daily living performed by subjects. Some researchers hold that subjects
with MCI should not maintain the complete autonomy in the instrumental activities of
daily living although they were able to finish basic activities of daily living without any
supervision (Tabert et al., 2002; Larrieu et al., 2002). In time to come, many related
researches will be completed. The criteria of MCI may therefore be adjusted further to be
more predictable in detecting early Alzheimer’s disease.
Approaches to identification of MCI
To apply the criteria of MCI in practice, researchers employ clinical methods
and/or neuropsychological tests. Petersen et al (2001) summarized the instruments they
recommended to physicians for use in early detection of MCI into 4 main groups. These
instruments are useful in spite of some deficiencies (Peterson et al., 2001a).
First, general cognitive screening instruments, which include the Mini-Mental
State Examination (MMSE) (Folstein et al., 1975), are useful for the detection of
dementia when used in patient populations with an elevated prevalence of cognitive
impairment (Peterson et al., 2001a). Some authors recommended MMSE in practice to the
extent of making guidelines. But MMSE has been criticized for lack of sensitivity to
distinguish cases with MCI or mild dementia due to ceiling effect and dependence on
education (Kalbe et al., 2004). If subjects obtain scores lower than 23/24, without the
consideration of educational level, physicians usually judge them to be cognitively
impaired (Ambo et al., 2001; Marquis et al., 2002).
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Secondly, neuropsychological batteries should be considered useful in identifying
patients with dementia, particularly when administered to a population at increased risk
of cognitive impairment (Peterson et al., 2001a).
Thirdly, Petersen et al (2001) suggested brief cognitive assessment instruments
might be considered when screening patients for dementia. These include Clock Drawing
Test and the Time and Change Test. But caution must be exercised because of the limited
scope of the tools (Petersen et al., 2001C).
Lastly, a number of authors pointed out that interviewed-based techniques might
be useful in identifying patients with dementia, particularly when administered to patients
who were at increased risk of developing dementia by virtue of age or memory
impairment. These techniques include Clinical Dementia Rating (CDR), Informant
Questionnaire on Cognitive Decline in the Elderly (IQCODE), and Blessed Roth Scale
(Petersen et al., 2001C).
Among them, CDR is often used to determine the stage of dementia. CDR
includes 6 domains: memory, orientation, judgment and problem solving, function in
community affairs, home and hobbies, and personal care. Subjects who receive a score of
0.5 for CDR ratings with only one impaired domain of memory are usually diagnosed as
MCI, although subjects with more impaired domains are at higher risks of progressing to
dementia (Morris et al., 2001). Petersen also pointed out that although subjects with a
CDR of 0.5 or with a GDS (Global Deterioration Scale) of 3 could meet the current
criteria for MCI or very mild dementia, these scales do not necessarily coincide with any
distinct clinical diagnosis such as MCI or AD as outlined by published criteria (Petersen,
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2000). However, in practice, most researchers use CDR=0.5 as the defining criteria of
MCI. In the present study, we also use this criterion to operationally define MCI.
Prevalence of cognitive impairment in Asia
Until today many studies about cognitive impairment focus on persons who reside
in Western countries, e.g. U.S., France, and Canada. Cognitive impairment of Chinese
elderly people has not been studied widely. In Singapore a number of studies of cognitive
impairment in the elderly were conducted from 1985. A survey of the prevalence of
dementia among the elderly Singaporean Chinese in 1985 found the overall prevalence of
dementia in elderly (65 years old and over) was 1.8%. The rate increased to 4.8% for
those 80-84 years and 12% for those 85 years and more (Kua, 1991). Taking into account
the cultural diversity of Singaporeans, Kua and Ko (1992) developed a locally-validated
cognitive screening instrument: Elderly Cognitive Assessment Questionnaire (ECAQ)
which is a brief scale and can be used in the first-stage screening survey in the
community (Kua & Ko, 1992; Kua 1992). They found that the prevalence rates of
dementia among elderly Chinese and Malay residents (≥65 years old) were2.5% and 4%
respectively (Kua & Ko 1995). In 2003 a community study of the cognitive impairment
in the Queenstown district of Singapore revealed that the prevalence of cognitive
impairment in the elderly Chinese was 7.7% by ECAQ and 13.2% by Informant
Questionnaire on the Cognitive Decline of the Elderly (IQCODE). Compared with the
prevalence (4%) of cognitive impairment in Henderson district by ECAQ in 1990 (Kua &
Ko, 1995), the investigators believed there was a true increase in prevalence rates
between these two communities in Singapore in the different years studied (Lim et al.,
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2003). A possible reason for this increase was that the proportion of older adults (>75
years old) in Queenstown district had increased or was higher than Henderson district.
In Hong Kong, a survey was conducted to examine the prevalence of cognitive
impairment and associated factors among elderly Chinese aged 70 years and over.
Researchers utilized the Information/Orientation Section of the Clifton Assessment
Procedure as the screening instrument with a cutoff point of 7. The overall age-adjusted
prevalence was 5% for men and 22% for women, and 15% for both sexes combined
(Woo et al., 1994).
Similarly, cognitive impairment among elderly adults in Shanghai, China was also
investigated at the late 1980’s. A Chinese version of the Mini-Mental State Examination
(CMMSE) was utilized. Overall, 4.1% of adults 55 years or older were classified as
having severe cognitive impairment, and 14.4% percent as mild cases. Rates for females
were higher than for males. Educational attainment had a highly significant inverse
relationship with prevalence of cognitive impairment (Yu et al., 1989).
From August 1994 to December 1995, the prevalence of dementia in individuals
aged 75 years and over was surveyed in Guangzhou (Lai et al., 2000). The prevalence
(8.9%) was lower than that in Shanghai (12.33%-15.19%), but was higher than that in
other regional studies within China.
Research about MCI in Asia
From the late 1990s, Chinese researchers began to study MCI in elderly Chinese.
In China, based on the often used criteria for MCI in Western countries, Xiao et al (1999)
developed special criteria for MCI (See table 4). Compared with Petersen’s criteria,
Xiao’s version listed the limitation of ADL and duration. He also emphasized that
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researchers should exclude some identified factors which could lead to cognitive decline
so that they could get better homogeneity of MCI subjects (Xiao et al., 1999; Yu et al.,
2001).
Table4, Chinese version of MCI criteria
1, Age: 55-80 years old;
2, Subjective memory complaint;
3, Objective evidence of mild cognitive impairment, MMSE 18-28 scores, GDS II-III
grade;
4, Living and social function decline, ADL<26 scores ( the version of 21 items);
5, Hachinski Ischemic Score (HIS) ≤ 4, excludingother identified reasons for cognitive
decline according to diagnostic criteria of AD;
6, Duration of symptom > 3 months;
7. Not demented.
These criteria for MCI were utilized in most Chinese researches. Xiao et al (2002)
used a cross-sectional study with a case-control design to assess the cognitive function of
three groups of subjects (patients with mild or moderate AD, those with MCI, and normal
controls) by using the World Health Organization (WHO) Battery of Cognitive
Assessment Instruments for elderly people. Significant differences between those with
MCI and control subjects were found only for some subtests of the battery; these included
auditory verbal learning, delayed recall, sorting, verbal fluency, mini-token, trail making,
visual reasoning, and spatial construction. Dr. Tang et al (2000), in a survey conducted in
the city of Cheng Du, found death rates of 13.8% with MCI and 27.0% with senile
dementia, far more than in the control group. The Chinese MMSE scores of the subjects
with MCI and with AD were all significantly lower than those of normal control.
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A summary of these studies shown in Table 5 shows the efforts of many
researchers to identify Chinese-speaking subjects with early dementia and MCI. However,
more research on MCI is still needed in Asia.
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ADL: Activities of Daily Living Scale; BD: Block Design; BDS: Blessed Dementia Scale; CASI: Cognitive Abilities
Screening Instruments; CES-D: Center for Epidemiological Survey, Depression Scale; CMMSE: Chinese version of
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Association criteria; POD: Pfeffers Outpatient Disability Questionnaire; RVR: Rapid Verbal Retrieve;.
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Activities of daily living in subjects with MCI
Given the argument about Petersen’s criteria regarding activities of daily living,
the issue about ADL and IADL is further discussed. Lawton and Brody (1969) were the
first to use the questionnaires ADL (Activities of Daily Living scale) and IADL
(Instrumental Activities of Daily Living scale) to assess the subjects’ daily functions. In 
their conceptions, Physical Self-Maintenance Scale (PSMS) ADL includes 6 items: going
to toilet, eating, dressing, walking, bathing, and beautifying. Their IADL scale includes 8
items: telephoning, shopping, housekeeping, doing laundry, traveling to places out of
walking distance, taking medications, and handling finances (Lawton & Brody, 1969). In
the past, ADL and IADL were used in evaluating subjects’functional status.
Pfeffer Functional Activities Questionnaire (FAQ) is another functional
assessment scale. It comprises 10 items that assess a variety of IADL and complex
cognitive/social functions. These items include writing checks, paying bills, and keeping
financial records; assembling tax or business records; etc. The focus of these items is
similar with the items fromLawton’s IADL scales (Pfeffer et al., 1982).
In the leading concept of MCI introduced by Petersen, there is no particular
hierarchical order of decline in subjects’ daily function. However, functional disabilities
in activities of daily living are often the first clinical indications of dementia and are
recognized as an important part of the disease process. A number of researchers have
therefore begun to investigate whether MCI subjects have defects in activities of daily
living. There are a number of articles which challenge the criterion of unimpaired
activities of daily living within the MCI concept. For example, Artero et al (2001) found
that difficulties in the performance of everyday activities occurred more frequently in
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non-demented subjects with MCI than in the general population. Their study included
368 persons over 65 years old recruited from the general population in France. Activities
of daily living were assessed by the Echelle Comportement et Adaptation Scale (ECA).
This scale consists of items relating to dressing, putting on and taking off shoes, putting
oneself to bed, bathing and washing, dental hygiene, self-feeding and ability to
manipulate cutlery, use of telephone, ability to use the toilet and mobility (ability to go up
and down stairs and move about the house). In their study, subjects who went on to
develop dementia over the next 3 years already had a higher disability rate at baseline
even though most of these items are related to basic ADL (Artero et al., 2001). Financial
ability is undoubtedly included in the higher order IADL. Griffith et al (2003) studied the
financial ability of MCI subjects. They administered the Financial Capacity Instrument
(FCI) which consists of 18 financial ability tasks, 9 domains, and 2 total scores to three
groups of participants (21 Normal controls, 21 patients with amnestic MCI, and 22
patients with mild AD). They found MCI patients demonstrated impairments in overall
financial capacity and 4 different domains: conceptual knowledge, cash transactions,
bank statement management, and bill payment. Therefore this research supported the
hypothesis that existing criteria for MCI should include impairments in higher order
IADL.
Nygård (2003) also pointed out that Instrumental ADL is more likely to be
affected by early cognitive deterioration because IADL is more complex and demanding
than ADL. Although there seems to be no clear consensus concerning how IADL is
affected in cognitive impairment or MCI compared with mild dementia, it seems possible
to conclude that there are evidences of subtle but important changes in everyday
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instrumental functional competence in the MCI stage. In addition, the detection of these
changes should focus on assessments of shortcomings rather than absences. Therefore
more sensitive, complex and culturally acceptable questionnaires should be developed.
In the U.S., Galasko et al (1997) and members of Alzheimer’s Disease Cooperate 
Study (ADCS), introduced an informants-based questionnaire originally designed for
assessing activities of daily living of patients with AD in clinical trial. They
hypothesized many patients may lose IADL in the very early course of dementia and
finally found a number of IADL items with significant test-retest reliability(к: 0.51-0.60
for each item) and acceptable correlation with MMSE (Spearman R: 0.4-0.7) which can
be useful for evaluating patients with mild AD. They have utilized these items for their
research on MCI but have yet to publish their final report. There are 18 items viz. finding
personal belongings, selecting clothes, getting dressed, cleaning any room, managing
own finances, writing things down, cleaning a load of laundry, keeping appointment,
using a telephone, making a meal or snack, getting around outside home, talking about
current events, reading then talking about the content of magazine or newspaper or book,
watching as well as talking about TV programs, going shopping, being left his/her own,
using a household appliance, and performing a hobby or game. In the present research on
MCI and early dementia we plan to use this questionnaire to investigate the elderly
Singaporean Chinese.
Another issue is the means of obtaining the appropriate data on functional status.
First, self-reported data from MCI subjects often tend to overestimate their actual
performances of daily activities. Albert et al (1999) found that CDR=0 (cognitively intact)
and CDR=0.5 (MCI) groups did not differ in self-reported functioning. They used the
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Lawton IADL scale and the Pfeffer FAQ scales to assess the function of subjects.
Whether or not the lack of awareness of functional deficits is characteristic of subjects
with MCI needs further study among peoples in different regions of the world. Secondly,
the discrepancy between the subjects and the informants’ answers has been found to 
predict future dementia incidence. In a long prospective cohort study with matching for
age, sex, and years of education, survival analyses revealed that informant-reported
deficits (but not self-reported deficits) and a discrepancy score indicating greater
informant-than-self reported functional deficits significantly predicted the development
of AD (Tabert et al., 2002). In this research Lawton IADL and Pfeffer FAQ scales were
also used by Dr. Tabert and his colleagues. The result suggests that paying attention to
informants’ reports about MCI subjects’functioning in daily life is important. Finally,
there should be a more accurate method to test subjects’ performances in IADL. 
Researchers could judge functional status of subjects with more confidence if they
observe subject’s actions personally. The Structured Assessment of Independent Living
Skills (SAILS) met the requirement above. Some of the skills measured in this tool
include the ability to count out money, make change, manage medications, and use a
standard phone. Shetterly et al (1998) pointed out the reason for using observed IADL
was to limit the effect of differential proxy response. Some informants who are not quite
familiar with the details of subjects’ performance usualy can’t give researchers
satisfactoryinformation. Hence, depending on informant’s report completely would lead 
to bias. Finding informants who are living with subjects could resolve this problem.
Although observed performance tasks are often more objective and clear, they are applied
limitedly. In the circumstance of investigation some IADL, such as doing laundry,
Page 18 of 77
shopping, and keeping appointment, can’t be administered in an appropriate way within a
short time. An instrument which can overcome these limitations yet providing similar
objective feedback of the subjects’performance will improve the method of collecting
data in the epidemiological field.
In addition, intelligence quotient (IQ) and education level of subjects also need to
be considered, because high IQ and education are protectors and reduce the degree of
activity loss. Researchers should control for the variable of subjects’educational level
(Artero et al., 2001).
Since subjects with MCI or very early dementia may have slight problems in
dealing with complex tasks, some studies encourage MCI subjects to participate in
activities which stimulate brain activity to prevent them from developing AD. One
longitudinal prospective study pointed out that elderly who often participated in
cognitively stimulating activities had less risk of incident AD. These beneficial activities
included watching TV, listening to radio, reading newspapers and/or magazines and/or
books, playing games such as cards, checkers, crosswords, or other puzzles, and going to
museums (Wilson et al., 2002). Similarly Scarmeas et al (2001) acknowledged that
engaging in leisure activities might reduce the risk of incident dementia among elderly.
They listed 13 kinds of beneficial leisure activities including visiting friends or relatives;
doing unpaid community volunteer work; going to classes; going to a club or center,
going to church or synagogue or temple; and physical conditioning. Other kinds of
activities in leisure ones are similar with the stimulating activities quoted above (Wilson
et al., 2002). They all believed that regular engagement of these kinds of activities is
associated with reduced risks of AD for the elderly.
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Screening for mild cognitive impairment and early dementia
Among studies which evaluated screening instruments for clinical dementia there
is a general consensus on how to identify dementia in patients. Usually DSM-III-R or
DSM-IV, and /or NINCDS-ADRDA criteria were utilized (American Psychiatric
Association 1983; American Psychiatric Association 1996; Mckhann et al., 1992). This
differed, however, from the issue of screening for MCI or early and mild dementia.
Since there are observable differences among normal cognitively intact subjects,
subjects with mild cognitive impairment, and dementia patients in terms of clinical and
neuropsychological performance, the goal of much research is to find an easy but
effective way to discriminate subjects with mild cognitive impairment from normal
persons. The issues to be considered include a ‘gold standard’ criterion for the disease 
state, and target screening tests.
1). Selection of ‘gold standard’ criteria
The gold criteria used for diagnosing MCI vary according to different studies.
Some studies used defining criteria that atempted to folow Petersen’s recommendations. 
Lines et al (2003) used as the criteria for amnestic MCI a score of MMSE ≥24 and a
score on the Rey Auditory Verbal Learning Test of≤37, besides CDR =0.5 with memory
domain ≥ 0.5, and Blessed Activities of Daily Living total score ≤ 3.5 with no part 1 item 
score >0.5. In another study Kalbe et al (2004) used similar criteria to recruit subjects
with MCI.
However, one other study employed more complicated criteria for the ‘gold-
standard’. Researchers obtained the consensus diagnosis of MCI based on the
neurological examination and neuropsychological battery tests. For instance, subjects
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with MCI should have a decline of two standard deviations or more on memory measures
alone or in one neuropsychological domain except for memory but no deterioration in
functional ability (Loewenstein et al., 2000).
From another perspective, the ‘gold standard’ can be obtained based on outcome
from follow-up. A retrospective study completed in 2002, showed that among 351
subjects who completed cognitive assessments, 84 (23.9%) developed dementia of
different types with 3-6 years of follow-up. Of these, 47 (56.0%) met criteria for
dementia of Alzheimer’s type. Researchers used final diagnosis of AD or dementia as the
gold- stand for evaluating correctness of screening tests. They emphasized this study did
provide substantial evidence for comparing the accuracy of different tests which were
employed to distinguish MCI because MCI was considered the prodrome for dementia
(Xu et al., 2002).
In other studies, investigators deviated from a purely clinical concept of MCI
because of different research perspectives. In population studies, in which investigators
attempted to evaluate criterion validity of new target screening tests which could be used
to identify cognitive impairment in community-living subjects, different external criteria
were employed as ‘gold standards’. In studies which focused on less educated elderly
people, investigators used the Geriatric Mental State Schedule (GMSS) or short GMSS, a
well-validated diagnostic instrument, as the ‘gold standard’ to diagnose subjects with 
cognitive impairment. Data were applied to the computerized diagnostic system
(AGECAT) which rated the presence of psychiatric symptoms at 6 levels (0-5). A‘case’
of dementia was determined at confidence level 3 or above (Rait et al., 2000 a; 2000 b;
Kua et al., 1992). Similarly, in another study, two questionnaires were used to interview
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elderly community residents. One was Short Orientation-Memory-Concentration (OMC)
which was performed as a ‘gold standard’to determine elderly subjects with cognitive
impairment. The other was Lawton IADL which was evaluated as a screening tool for
dementia. Elderly subjects were judged to have cognitive impairment if they obtained a
score of OMC more than 10 (Cromwell et al., 2003).
2). Screening instruments for cognitive impairment or dementia and/or MCI.
There is wide consensus that a screening test should have both good validity and
good reliability. Besides these, the tests should be easily performed and completed in a
relatively short time when compared with other tests which are already in use.
First, we review research which focused on screening for cognitive impairment
and/or dementia since there are lots of reports which did not subdivide cognitive
impairment into MCI or AACD or early dementia. ECAQ is a 10-item questionnaire
derived from items in the MMSE and GMS schedule. It was developed in Singapore
especially for the elderly with low literacy and can be used by the busy general
practitioner in the clinic. ECAQ showed a sensitivity of 85.3% and a specificity of 91.5%
when it was used to screen for cognitive impairment (GMS≥3) in community survey
(Kua & Ko, 1992). In the U.K. two separate similar studies were conducted to screen for
cognitive impairment on older South Asians and on older African-Caribbeans also with
the diagnostic guidance of GMS≥3. The common feature of these two different
immigrants was their high level of illiteracy. Researchers adjusted some items in the
MMSE and Abbreviated Mental Test to make them applicable in these dialect speaking
elderly subjects who have lower educational attainment. For example, writing a sentence
was substituted by saying a complete sentence and the date of the First World War was
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changed to the date of independence. For the Gujarati population, the cut-off of MMSE
was ≥24 (sensitivity 100%, Specificity 95%) and AMTwas ≥6 (sensitivity 100%,
specificity 95%). There was a little difference for the Pakistani population, the cut-off of
MMSE was ≥27 (sensitivity 100%, Specificity 77%) and AMTwas≥7 (sensitivity 100%, 
specificity 87%)(Rait et al., 2000 a; 2000 b). Similarly, for elders with low education, the
Chula Mental Test (CMT) which was derived from those items not requiring reading and
writing ability was developed in Thailand. The final CMT was applied in 150 elders over
60 years among whom 22% had no formal education and 53% had studied at primary
school only. The CMT at its optimal threshold had the best balance of sensitivity (100%)
and specificity (90%) for detection of established dementia (Jitapunkul et al., 1996).
Besides the widely used instrument MMSE, one short cognitive tool (PCL) was
developed and utilized in Spain. It includes 32 items from other previous cognitive tests
and evaluates orientation and memory domains with a global score of 0-32 points. For a
sample of 527 elderly people over 70, it was able to identify dementia (cut-of ≤22) and 
AACD-dementia (cut-off ≤26) with a sensitivity of 93.9%-80% and a specificity of
94.7%-84.3%. Researchers were satisfied with its ability as screening tool of dementia in
population samples of individuals with low educational level and recommended it be
used in primary health care (De Yébenes et al., 2003)
Except for the screening tests which can be grouped into cognitive tests, other
researchers have evaluated instrumental activities of daily living scale which was
developed by Lawton and Brody in screening for cognitive impairment and dementia in
elderly community dwellers. One study done in France with 2792 subjects found that four
IADL items were correlated with cognitive impairment, independent of age, sex, and
Page 23 of 77
education: telephone use, transportation, medication intake, and handling finances. The
summed score of items related to dependences has a lower satisfaction for the diagnosis
of cognitive impairment which was identified by a MMSE score of <24 (sensitivity 62%
and specificity 80% at the lowest cut-off point score>0) compared with the diagnosis of
dementia (sensitivity 94% and specificity 71%) (Barberger-Gateau et al., 1992). Similar
results appeared in a study done in Australia of 2003. Researchers analyzed 1095 subjects
and found three IADL items (telephone use, self-medication, and handling finances) were
associated with cognitive impairment (OMC>10) independent of age and sex. An IADL
indicator based on these three items showed modest power in predicting cognitive
impairment (the highest sensitivity is 0.71 with a specificity of 0.75) (Cromwell et al.,
2003). IADL by Lawton and Brody seems to be more suitable for screening patients with
dementia rather than patients with cognitive impairment as patients definitely show
functional deficiencies in activities of daily living at the dementia phase. One study
conducted in Finland evaluated the use of different functional scales in detecting
dementia. A close informant of the subject completed four functional scales which
included the IADL and FAQ developed by Lawton and Pfeffer respectively. Results
showed high AUC scores of 0.95 and 0.96 for IADL and FAQ separately detecting
dementia. However, this research did not include subjects with MCI (Juva et al, 1997).
Next, the studies that evaluated screening for MCI and early dementia will be
discussed. Recently an increasingly number of researchers is beginning to notice the
importance of diagnosing MCI early. In the United States, a study by Manos et al (1999)
who administered the ten-point clock test to identify patients with ‘very mild’ 
Alzheimer’s disease (seems equivalentto MCI) as suggested by a MMSE score >23
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concluded that the advantage of clock drawing task laid in its graphic, quickly
administered, and well accepted features. The authors suggested it might be useful in
screening the very early stage of AD in view of its sensitivity of 71% and specificity of
82%.
One cross-sectional study with 102 elderly subjects showed that cumulatively 3
delayed recalls of the three MMSE recall items at 5 minute interval had good sensitivity
(83.3%) and specificity (90.4%) in differentiating cases with MCI from controls. Total
MMSE score alone with a sensitivity of 70.8% and a specificity of 84.6% was not as
robust as the cumulative score (Loewenstein et al., 2000).
Xu et al (2002) combined the non-overlapping test items derived from both
MMSE and Cognitive Capacity Screening Examination (CCSE) into one new test using
the acronym CMC. They found CMC has a better ability to identify cases with MCI
(sensitivity was 83.1%) with minimum specificity set at 80% than MMSE or CCSE alone
(61.0% and 74.3% respectively).
Tang-Wai et al (2003) compared the Short Test of Mental Status (STMS) with
the MMSE in MCI due to the insensitivity of MMSE in detecting MCI. There were four
groups of patients: 788 (62.2%) patients with stable normal cognition, 75 (6.1%) patients
with normal cognition at baseline but developed incident MCI or AD during 5.6±3.1
years’ folow-up, 129 (10.5%) patients with prevalent MCI at baseline, and 235 (19.2%)
patients with prevalent mild AD. They found, in their sample, a cut-off of 24 on the
MMSE had poor sensitivity for detecting MCI. The baseline STMS in subjects with
stable normal cognition (34.2±2.4) was significantly higher than those of individuals with
normal cognition who developed incident MCI or AD (32.5±3.2). Conversely, there was
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no significant difference between the two groups in MMSE (28.2±1.6/28.0±1.6). This
suggested that the STMS was more sensitive than the MMSE in distinguishing between
patients with stable normal cognition and patients with prevalent MCI based on AUC
results (82%/75%) (Tang-Wai et al., 2003).
A new instrument reported to be sensitive when administered to screen for MCI
was developed by Kalbe et al (2004). They created a test (DemTect) which included
immediate recall of the word list, a number transcoding task, a word fluency task, digit
span reverse task, and delayed recall of the world list. Each task was short and easy to
administer, covered a broad range of cognitive abilities, and together was proven to be
highly sensitive in the psychometric diagnosis of MCI and/or AD. The correctly
classified rate, sensitivity and specificity were 86%, 80% and 92% respectively when
researchers selected a score of 13 as the cut-off point to distinguish cases with MCI from
normal controls. When screening for MCI subjects and AD patients together, the
correctly classified rate, sensitivity and specificity become 89%, 85.1%, and 97%
respectively. In this study, MMSE did not perform as well as DemTect did in terms of
screening for objectives (MCI vs. Normal Control: correct classification rate 73%,
sensitivity 69%, specificity 77%; MCI-AD vs. Normal Control: correct classification rate
73%, sensitivity 67%, specificity 86% ) (Kalbe et al., 2004). From the evidence above,
MMSE alone could not be used to diagnose MCI or early dementia.
Apart from face-to-face interviews for case detection, there were some studies in
which telephone interviews were administered. Obviously, this kind of method is
economical and relatively non-burdensome. But so far few instruments to assess MCI and
dementia over the telephone have been developed in the last several years. One Hebrew
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version of the modified Telephone Interview for Cognitive Status (TICS-m) was used in
Israel. The authors stated that TICS-m (cut-off point 27/50) was a useful screening tool to
identify subjects suffering from MCI, dementia, and cognitive impairment with a
sensitivity of 100% for each of these conditions. Researchers highlighted the aim of this
research was to distinguish subjects with MCI or dementia although the specificity was
too low, 23.5% for each of the conditions (Beeri et al., 2003). On the other hand, a study
in New York showed that the TICS-m did not prove to be an effective tool in screening
for amnestic MCI. (Lines et al 2003).
Other techniques, such as neuroimaging, neuropathology, and biomarkers, are
beyond the scope of this review and are therefore not discussed here.
3). Results of criterion validity of screening for MCI and Dementia
The standard indices used in various studies for evaluating the criterion validity of
screening tests are sensitivity, specificity, positive likelihood ratio, negative likelihood
ratio, diagnostic accuracy, Receiver Operating Characteristic (ROC) curve, and area
under the curve (AUC). Some reports included positive predictive value and negative
predictive values. A summary of the criterion validity results in these studies is shown in
Table 6.
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Table6. Summary of results of screening tests for cognitive impairment.
Authors Objective Sample size , design ‘Gold Standard’ criteria Screening tests Sensitivity/ specificity others
Loewenstein DA et
al.









Xu G et al. MCI N=351
retrospective
Final diagnosis of AD after
follow-up
MMSE+CCSE 83.1%/≥80.0%











Lines CR et al. Amnestic MCI 324 aMCI/16988 subjects
retrospective
MMSE≥24 & RAVLT≤37 TICS-m no Factor analysis: Language/
attention; orientation; memory
(the most important contributor)
Tang-Wai DF et al. MCI or AD 788 controls, 75 incident
MCI or AD, 129 prevalent
MCI, 235 prevalent mild
AD retrospective
Dementia: DSM-III revised and
the NINCDS-ADADA criteria;
MCI: Petersen’s criteria
STMS;MMSE 82%/48% (MMSE cut-
off=29)
Normal/Prevalent MCI: AUC of
STMS 82%/AUC of MMSE 75%
Kalbe E et al. MCI and early
dementia
145 controls; 97 MCI;
121 possible AD
cross-sectional
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ADL: Activities of Daily Living; AUC: Area Under Curve; CCSE: Cognitive Capacity Screening Examination; CG: control Group; DemTect: a
new psychometric screening instrument; DS: Blessed Dementia Scale; DSM-III-R: Diagnostic and Statistical Manual of Mental Disorders-Revised
Third Edition; DSM-IV: Diagnostic and Statistical Manual of Mental Disorders 4th Edition; ECAQ: Elderly Cognitive Assessment Questionnaire;
FAQ: the Functional Assessment Questionnaire; GMSS: Geriatric Mental State Schedule; IADL: Instrumental Activities of Daily Living; LR+:
positive likelihood ratio; LR-: negative likelihood ratio; ; MMSE: Mini Mental State Exam; NC: Normal Control; NINCDS-ADRDA: National
Institute of Neurological and Communicative Disorders and Stroke-Alzheimer’s Disease and Related Disorders Association criteria; OMC: short
Orientation-Memory-Concentration; PCL: Prueba Cognitiva de Leganés; PPV: Positive Predictive Value; RAVLT: the Rey Auditory Verbal
Learning Test; STMS: the Short Test of Mental Status; TICS-m: modified Telephone Interview for Cognitive Status.
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Summary
MCI is a nosological concept that remains problematic as there is no common
consensus on diagnostic criteria. Nevertheless, it is increasingly accepted that subjects
with MCI convert more easily to AD than normal persons. Many clinical and
neuropsychological instruments are being evaluated for use in identifying elderly subjects
with MCI among community dwellers. Increasingly, researchers doubt that subjects with
MCI are completely independent in higher order activities of daily living, such as
financial ability, using telephone ability, etc. In fact, there is much consensus that the
differences between MCI subjects and normal controls are to be found in higher daily
functioning abilities even if the differences are subtle. Several researches have explored
the feasibility of administering instrumental activities of daily living on subjects to screen
for mild cognitive impairment although results produced by the available range of
instruments are not satisfactory. Therefore, much more refined IADL questionnaires
which are sensitive for subjects with MCI are indispensable.
Given that instruments based on cognitive tests and informant reports have
different limitations, they could nevertheless potentially complement each other when
used in combination, because they are known to be moderately correlated with one
another, and to distinguish different domains in factor analyses. Unfortunately, little work
has been done to evaluate whether screening performance could be improved this way,
especially when screening for subjects with mild cognitive impairment or early AD rather
than established dementia patients.
.
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Research objectives
In the following study we investigate whether there are differences among three
groups (Normal, MCI, and AD) in IADL with the ADCS-MCI ADL inventory. We also
compare the screening accuracy of a number of cognitive and non-cognitively oriented
instruments on subjects who have been classified as ‘Normal (cognitively intact)’ or 
‘Non-normal (cognitively impaired)’ subjects who include those with MCI and early mild 
to moderate Alzheimer’s disease. In addition, we evaluate the comparative utility of 
several practical combinations of these instruments, namely the MMSE, Immediate and
Delayed Recall (Logical Memory I and II), informant report and self report of a single-
question on memory problem, and an ‘instrumental activities of daily living’ scale.
Page 31 of 77
CHAPTER 2 METHOD
Subjects
The subjects in this study were elderly Chinese Singaporeans who were patients
referred by primary care physicians to the Neuroscience Clinic of the National University
Hospital (one third), or elderly persons in the community who participated in the
Singapore Longitudinal Aging Study (two third). Inclusion criteria included: (1) Chinese
ethnicity; (2) age between 55-90 years old; (3) normal ability of vision and hearing; (4)
without history of stroke or cerebrovascular disease; (5) in good general health.
Exclusion criteria: (1) any significant neurological disease other than possible incipient
Alzheimer’sdisease such as vascular dementia, Parkinson’s disease, Huntington’s 
disease, normal pressure hydrocephalus, brain tumor, progressive supranuclear palsy,
seizure disorder, subdural hematoma, and multiple sclerosis; (2) history of significant
head trauma (followed by persistent neurological deficits or known structural brain
abnormalities); (3) major psychiatric disorder which affect cognitive performance
including major depression (total scores on the Hamilton Depression Rating Scale are 12
or more); (4) a history of schizophrenia; (5) a history of alcohol or other substance abuse
or dependence within the past 2 years; (6) a history of systemic illness or unstable
medical condition that can affect cognitive functioning and activities of daily living, such
as serious liver and kidney disease, hip fracture, bone fracture, insulin-requiring diabetes
or uncontrolled diabetes mellitus. Subjects also were excluded if they had any
medications in the previous three months before the study which could affect cognitive
functions such as long-acting benzodiazepines or barbiturates within 4 weeks prior to
screening; short-acting anxiolytics or sedative hypnotics more frequently than 2 times per
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week within 4 weeks prior to screening; and anti-convulsants (e.g., phenytoin,
Phenobarbital, Carbamazepine) within 2 months prior to screening.
A total of 144 subjects satisfied these criteria and gave written consent to participate




The Clinical Dementia Rating (CDR) scale is a diagnostic interview and rating
scale for clinical staging of the severity of dementia of Alzheimer’s type. It accesses 6 
domains: memory, orientation, judgment and problem solving, community affairs, home
and hobbies, and personal care (Morris, 1993), and summarizes clinical status on a five-
point scale: 0=normal, 0.5= questionable dementia or very mild dementia, 1= mild
dementia, 2=moderate, and 3=severe. Both subject’s performances on the day of 
interview and informant’s information are needed for the first three domains. On the 
other hand, only informant’s objective information is required for the last three domains 
namely community affairs, home and hobbies, and personal care. For cultural reasons,
some items in judgment and problem solving domain were modified. For example, ‘how 
many nickels in a dolar?’ was changed to ‘how many ten cents in two Singapore 
dollars?’  Similarly, ‘how many 5 cents are in 1.35 Singapore dolars?’ replaced ‘how 
many quarters are in S$6.75?’In the memory testing, items on English name and address
are replaced by suitable local Chinese equivalents which are familiar to the elderly
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subjects. The CDR summed box scores (range: 0-18) was calculated as a measure of
disease severity.
2) Screening instruments
MMSE (Mini-Mental State Examination) is the most widely used global cognitive
instrument and has been translated into many different languages (Katzman et al., 1988;
Park and Ha, 1988; Rocca et al., 1990; Ostrosky-Solis et al., 2000). It measures many
domains of cognitive function, such as memory, executive function, attention, language,
praxis, and visuospatial ability (Folstein et al., 1975). In some studies, MMSE was used
as an external validity criterion to evaluate other newly developed screening tests for
their accuracy in identifying cognitive impairment (Barberger-Gateau et al., 1992; Lines
et al., 2003). However, it showed great limitations when quantifying subjects with mild
cognitive impairment or in the very early stage of dementia (Ferrario et al., 1998;
Tombaugh et al., 1992). In the present study, we employed MMSE as a screening test to
distinguish subjects who were normal (cognitively intact) and those with early and very
mild dementia to moderate dementia. Although it is already known that individual
MMSE is not sensitive to identify patients with very mild dementia, we have considered
combining this instrument with other tests to see whether we are able to get better results.
That would be very meaningful in clinical practice if we could find a combination
including MMSE to identify MCI subjects well. Both English and Chinese versions
(Katzman et al., 1988) were used according to the subjects’ preference. 
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Self-report and informant report of memory loss was a question that ask the subject ‘Do 
you think your memory or other mental abilities have declined?’, and the informant ‘Do 
you think your family member’s memory or other mental abilities have declined?’, and 
coded numericaly as ‘0’ for ‘No’ and ‘1’ for ‘Yes’.
Logistic Memory (LM) test is one of seven Wechsler Memory Scale (WMS) subtests
(Wechsler, 1997). It was recommended for the evaluation of subjects with memory defect
at an early stage (Crook et al., 1986). LM test includes a brief story that is read to the
subject and then scored for recall both immediately (LMI) and around 30 minutes later
(LMII). The score ranges from 0 (that is recalling nothing) to 25 (that is recalling every
detail). We used the Chinese version of LM test endorsed by the Psychological
Corporation in 2003.
ADCS-MCI Activities of daily Living Inventory is extracted from ADCS-ADL items pool
originaly conducted by the Alzheimer’s Disease Co-operate Study (ADCS) (Galasko et
al., 1997). This set of ADCS ADL items is informant-based and used in clinical trials to
assess the performance of patients with Alzheimer’s disease. A number of IADL items 
with significant test-retest reliability (к:0.51-0.60 for each item) and acceptable
correlation with MMSE (Spearman R: 0.4-0.7) have been found to be especially useful
for evaluating patients with mild AD and describing subjects’ performance in MCI 
research. They include 18 items: finding personal belongings, selecting first set of clothes,
getting dressed physically, cleaning any room, managing own finances, writing things
down, cleaning a load of laundry, keeping appointment, using a telephone, making a meal
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or snack, getting around outside home, talking about current events, reading then talking
about the content of magazine or newspaper or book, watching as well as talking about
TV programs, going shopping, being left his/her own, using a household appliance, and
performing a hobby or game. Besides these 18 items, six additional items were used for
further evaluation, but are not included in the total score. These are driving a car, taking
medications, carrying through or initiating or completing with normal speed complex
daily activities, and there being extenuating circumstance which contributed to recent
alteration in subject’s activities of daily living. Al items except the last are scored from 0 
or 1 to 3 or 4. The total score of ADCS-MCI ADL is given by the sum of 18 items’ 
scores with the range of 0-53. Higher scores denote better daily functioning. A 9-item
short questionnaire extracted from the Chinese version of ADCS-MCI ADL which was
used in this study has been demonstrated to have good internal consistency (alpha
coefficient 0.93) (Chiu et al., 2004).
Hamilton Depression Rating Scale (Hamilton 1960) with Chinese translation was used to
rate the severity of depression among three groups (Normal, MCI, and early AD). This
version includes 17 items which are 1)depressed mood, 2)work and activities, 3)genital
symptoms, 4)somatic symptoms gastrointestinal, 5)loss of weight, 6-8)insomnia (early,
middle, and late), 9)somatic symptoms general, 10)feeling of guilt, 11)suicide, 12-13)
anxiety (psychic and somatic),14)hypochondriasis, 15)insight, 16)retardation, and
17)agitation. The range of total scores is 0-52. Subjects whose total scores were 12 or
more were excluded from the study because they were considered as major depression.
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Data collection
The Chinese versions of questionnaires were administered by research assistants
and nurses fluent in English and dialects, such as Mandarin, Hokkien and Cantonese.
English versions of questionnaires were used for subjects and informants who spoke
English more fluently than Chinese.
Nurses and research assistants received appropriate training and administered
MMSE, LMI, LMII, and ADCS-MCI ADL on subjects in the Neuroscience Clinic or at
the community site of the research centre. Where face to face interviews with informants
were not possible, information was obtained by visitingthe subject’s home or through the
telephone. The interviewers were blind to subjects’ CDR performances. Other 
demographic information and family history were also recorded.
Psychiatrist and investigators who were certified by the Washington University
standard training and reliability protocol for administration of the Clinical Dementia
rating (CDR) Scale (Morris, 1993) performed CDR evaluation and also the Hamilton
Depression Rating Scale evaluation, as well as routine physical examinations. Other
laboratory blood tests including genetic tests were also applied although theses results are
not explored in this paper.
Diagnosis and assessment
The diagnosis of Alzheimer’s disease conformed to the criteria of DSM-IV (APA,
1994) and the National Institute of Neurological Communicative Disorders and Stroke-
Alzheimer’s Disease and Related Disorders Association (NINCDS-ADRDA) (Mckhann
et al., 1984). The evaluation results from CDR were used to stage established AD as
follows: CDR=1 (mild AD) and CDR=2 (moderate AD). We used Petersen’s criteria for 
Page 37 of 77
MCI as references for our research. However, we did not follow his criteria dogmatically.
Subjects who were rated CDR=0.5 (memory domain equal or over 0.5) and were not
demented were classified as subjects in the MCI group, irrespective of whether they had
subjective or collateral memory complaints. We believed subjects with CDR=0 did not
have cognitive impairment (normal). Eventually, there were 88 normal subjects
(CDR=0), 37 subjects with MCI (CDR=0.5) and 19 AD (CDR=1 and 2) patients who
participated in this research.
Data analysis
Statistical analysis was performed using Statistical Package for Social Sciences
(SPSS) version 12.0. One-way analysis of variances (ANOVA) was used for continuous
variables that have homogeneity of variance among the three groups. On the other hand,
nonparametric Kruskal-Wallis test was employed for analyzing continuous variables
without homogeneity of variances among three groups. Post hoc tests of pairwise
comparisons adjusting forαwere performed using Dunn multiple-comparisons procedure
or Mann-Whitney test. Categorical variables were analyzed by using the Chi squared test
or Fisher’s exact test. 
Logistic regression analysis was used to model the independent predictors of
MCI-AD. This included the stepwise selection of individual IADL items for the most
parsimonious model of IADL predictors of MCI-AD, which were used to create a
composite IADL screening instrument (4IADL). Weighted summed scores derived from
the regression equation and simple summed scores of the composite 4IADL variable were
used in expanded logistic regression models including other instruments and ROC
analyses.
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Receiver operating characteristic (ROC) curve and corresponding area under the
curve (AUC) were used to evaluate the screening accuracy of each instrument. Sensitivity,
specificity, and positive likelihood ratio (LH+) of each screening tool were calculated to
measure screening ability. Sensitivity indicates the proportion of patients with the target
disorder who have a positive testing result. Specificity measures the proportion of
subjects without the target disorder who have a negative testing result. LH+ indicates
how much more likely a positive result of the test is to be found in the subject with the
target diagnosis than the subject without it. ROC curves represent graphically the
sensitivity rates against the false positive rates for each cut-off value of a screening test.
AUC measures the probability of a screening test correctly classifying target subjects
who were diagnosed by a ‘gold standard’. To determine whether a screening tool has 
greater ability to distinguish target subjects than another screening tool, Z-score
comparisons between instruments and across different diagnoses were used (Hanley &
McNeil, 1983).
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CHAPTER 3 RESULTS
Description of subjects
The demographic variables are shown in Table 7. There are no significant
differences among normal, MCI and AD groups with regard to age, educational year,
educational level, gender, marital status, hypertension, and depression. The mean age of
the subjects in the groups are all over 70 years, and the mean number of years of
education are lower than 6 years. Nearly a third of the subjects in each of the three groups
do not receive education at all. Most of subjects live with their spouses. The ratio of
married to single persons is more than 2 and lowest in the MCI group. More subjects with
diabetes are in AD group than other groups although the P value is at borderline (0.05).
Conversely, the distribution of subjects with high blood pressure is similar among the
three groups. None of the subjects in this sample has depression as determined by the
scores of Hamilton Depression Scale.
Reports of memory loss
An interesting finding from Table 7 is that the results of the chi-square test
indicated a significant and moderate association between memory complaint by
informant and the classification of cognitive impairment status by groups (Χ2=63.292,
p<0.001, Cramer’s V= 0.663). Al of the informants who accompanied patients with
dementia reported that the patients had memory problems. In MCI group 78.4% of the
informants reported the subjects’ memory problems to the investigator. More informants
did this than would have been expected by chance. Only 19.3% of the informants in the
normal cognitively intact group complained of memory problems in the subjects, far less
than would have been expected. In contrast to the informants’ reports, there were no
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significant diferences between the subjects’ self-report of memory loss in the three
groups.












Age year, mean(SD) 72.02 (6.16) 71.89 (4.62) 73.84 (5.49) 0.42
Educational year (SD) 4.92 (4.51) 3.89 (4.62) 5.11 (4.11) 0.46
Nil, n 24 (27.3) 13 (35.1) 6 (31.6)
Primary, n 36(40.9) 17 (45.9) 6 (31.6)
Secondary, n 28 (31.8) 7 (18.9) 7 (36.8)
0.54
Gender M/F, n 48/40 14/23 9/10 0.23
Marital status: married/single, n 70/18 25/12 14/5 0.35
Diabetes, n (%) 19(21.6) 5(13.5) 8 (42.1) 0.05
Hypertension, n (%) 42 (47.7) 22(59.5) 9 (47.4) 0.46
Subjective memory complaint, n (%) 62 (70.5) 33(89.3) 14(73.7) 0.081
Objective memory complaint, n (%) 17 (19.3) 29(78.4) 19(100) <0.001*
Hamilton, mean(SD) 2.33 (3.00) 3.11 (3.38) 1.68 (2.40) 0.22
MMSE, mean(SD) 26.3 (3.11) 24.2 (3.77) 13.9 (5.07) <0.001*
LMI, mean (SD) 10.59 (4.00) 5.78 (3.69) 1.05 (1.54) <0.001*
LMII, mean (SD) 9.34 (4.07) 3.84 (3.72) 0.11 (0.32) <0.001*
CDR summed score, mean (SD) 0.256 (0.284) 1.162 (0.688) 7.605 (3.623) <0.001*
ADCS-ADL, mean(SD) 46.1 (5.39) 41.9 (5.30) 19.7 (9.69) <0.001*
CDR staging, n
0 88 0 0
0.5 0 37 0
1.0 0 0 9
2.0 0 0 10
* Post hoc tests of all pair-wise comparisons were all statistically significant, p<0.01.
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Differences in cognition, memory, and function tests
Table 7 also shows the mean scores of MMSE, LMI, LMII, and ADCS-ADL. The results
of the Kruskal-Wallis test indicate that there are significant differences in these memory
and ADL scores among the three groups. Post hoc analyses (Dunn multiple-comparisons
procedure or Mann-Whitney test in which αwas adjusted) indicate that subjects in the
Normal group perform better than those in the MCI group; also, subjects in the MCI
group perform better than those in the dementia group. (See Table 8) For example, mean
scores of MMSE for normal (26.2) and MCI (24.3) subjects are far higher than AD (13.9)
patients, although there is a small difference between normal and MCI groups. For the
scores of memory tests and CDR-sum, there is a declining trend from normal persons to
AD patients as was expected. Furthermore, an interesting new finding is that the
differences in mean score of ADCS-MCI ADL among the three groups: 46.1 in Normal
subjects, 41.9 in MCI subjects, and 19.7 in AD patients.











MMSE 51.5, <0.001 1055.0, =0.002 33.5, <0.001 39.5, <0.001
LMI 67.0, <0.001 613.0, <0.001 21.5, <0.001 65.5, <0.001
LMII 76.8, <0.001 452.5, <0.001 1.0, <0.001 77.5, <0.001
ADCS-MCI-ADL 60.2, <0.001 872.0, <0.001 12.0, <0.001 10.5, <0.001
K-W: Kruskal-Wallis test; M-W U: Mann-Whitney U test
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Infrequently performed IADL activities
The ADCS-MCI ADL questionnaire was developed in U.S.A. especially for
clinical therapeutic research on MCI. However, not every item is culturally suitable for
the elderly who live in Singapore. Some activities of daily living are not usually
performed by older adults even though they are healthy persons. Table 9 shows a number
of IADL activities which are not usually performed by a large majority of elderly
Singaporeans. Specifically, 42% of normal elderly in our sample usually do not write
things down (item 6). On the other hand, 51.4% of MCI subjects and 63.2% of AD
patients do not do this activity. Similarly, 84.1% of normal old persons are not able to
drive a car (item 19) because they did not own a car or learn to drive. In normal group,
93.2% of the informants didn’t report of any situations which affected subject’s activities 
recently (item 24). This is comparable to the reports provided by informants of MCI and
AD subjects. On the contrary less than 30% of normal persons do not perform usually
residual items (item 1-5; item 7-18, and item 20-23), not highlighted in boldface in table
9. For these reasons, three items including item 6, 19 and 24 should be excluded in future
analysis.
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Table9. Infrequently reporting of items in the ADCS-MCI ADL.
Numbers of persons who do not
perform the relative item and the








1,find belongings 0 (0%) 0 (0%) 7 (36.8)
2,seclect clothes after getting up 0 (0%) 0 (0%) 3 (15.8)
3, get dressed 0 (0%) 0 (0%) 0 (0%)
4, clean a room 18(20.5) 14(37.8) 13(68.4)
5, manage finances 1 (1.1) 4 (10.8) 12(63.2)
6, write things down 37 (42.0)) 19 (51.4) 12 (63.2)
7, clean laundry 25 (28.4) 12(32.4) 12(63.2)
8, keep appointments 0 0 5 (26.3)
9, use a telephone 2 (2.30) 0 0
10, make a meal or snack 13(14.8) 6(16.2) 9(47.4)
11, travel outside of home 0 0 4 (21.1)
12, talk about current events 1(1.1) 3(8.1) 8(42.1)
13, read 17(19.3) 16(43.2) 9(47.4)
14, watch TV 0 0 2 (10.5)
15, shop 2(2.3) 3(8.1) 8(44.4)
16, left on own 1 (1.10) 1(2.71) 5 (26.3))
17, use household appliance 2 (2.30) 1 (2.7) 8 (42.1)
18, perform hobby 4 (4.5) 3 (8.1)) 9(47.4)
19, drive a car 74(84.1) 31(83.8) 18(94.7)
20, take medication 9(10.2) 4(10.8) 0
21, initiate complex or time-consuming activity 11(12.5) 8(21.6) 16(84.2)
22, get through complex or time-consuming activity 12(13.6) 8(21.6) 16(84.2)
23,finish complex or time-consuming activities with
usual speed
11 (12.6) 8(21.6) 16(84.2)
24, situation affects subject’s performance 
recently
82(93.2) 36(97.3) 17(89.5)
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Differences in individual IADL items
We further investigate the differences among the three groups with regard to
individual items of the ADCS-ADL inventory. The results of the Kruskal-Wallis tests
indicate that there are significant differences among subjects in the three groups for every
ADCS-MCI ADL item listed in table 10. Post hoc analyses using Mann-Whitney test
indicate that there are significant differences between subjects in Normal group and MCI
group in terms of 12 items, namely, finding belongings, cleaning a room, managing
finances, keeping appointments, using telephones, talking about current events, reading
newspapers or magazines, watching and talking about TV programs, going shopping,
initiating complex things, getting through complex things, and finishing complex things
with usual speed. For these 12 items, normal subjects perform significantly better than
both MCI subjects and AD patients, MCI subjects do better than AD patients as well
except for the reading item. For other 9 items (selecting clothes after getting up; getting
dressed; cleaning laundry; making a meal or snack; traveling outside of home; being left
on own; using household appliance; performing hobby; taking medication) , both normal
and MCI subjects perform significantly better than AD patients but there is no significant
difference between normal and MCI group.
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1 Find belongings 2.90 (0.30) 2.62 (0.55) 1.16 (1.07) <0.001*
2 Select clothes after gettingup 3.00 (0.00) 3.00 (0.00) 2.16 (1.17) <0.001
†
3 Get dressed 3.99 (0.11) 4.00 (0.00) 3.26 (1.33) <0.001†
4 Clean a room 1.57 (0.84) 1.22 (0.98) 0.58 (0.90) <0.001*
5 Manage finances 1.95 (0.26) 1.70 (0.66) 0.42 (0.77) <0.001*
7 Clean laundry 1.43 (0.90) 1.32 (0.94) 0.53 (0.84) 0.001†
8 Keep appointments 2.73 (0.47) 2.32 (0.71) 0.16 (0.37) <0.001*
9 Use a telephone 3.64 (0.83) 3.43 (0.73) 1.58 (0.96) <0.001*
10 Make a meal or snack 2.39 (1.16) 2.32 (1.18) 0.79 (1.03) <0.001†
11 Travel outside of home 2.80 (0.48) 2.68 (0.63) 0.94 (0.73) <0.001†
12 Talk about current events 3.11 (0.96) 2.68 (1.08) 0.89 (1.18) <0.001*
13 Read 1.98 (1.21) 1.27 (1.31) 0.83 (0.99) <0.001 §
14 Watch TV 2.33 (0.84) 2.03 (0.80) 0.78 (0.73) <0.001*
15 Shop 1.95 (0.30) 1.81 (0.57) 0.50 (0.79) <0.001*
16 Left on own 2.84 (0.59) 2.73 (0.69) 1.56 (1.15) <0.001†
17 Use household appliance 3.84 (0.64) 3.76 (0.72) 2.00 (1.72) <0.001†
18 Perform hobby 2.82 (0.70) 2.76 (0.83) 1.22 (1.26) <0.001†
20 Take medication 3.57 (1.22) 3.41 (1.30) 1.74 (1.10) <0.001†
21 Initiate complex or time-consuming activity 2.55 (1.00) 2.19 (1.22) 0.37 (0.90) <0.001
*
22 Get through complex ortime-consuming activity 2.51 (1.04) 2.16 (1.21) 0.32 (0.75) <0.001
*
23
Finish complex or time-
consuming activities with
usual speed
2.32 (1.02) 1.92 (1.14) 0.37 (0.90) <0.001*
* Post hoc tests of all pair-wise comparisons were all statistically significant, p<0.05;
† Normal versus AD and MCI versus AD, p<0.05. 
§ Normal versus MCI and Normal versus AD, p<0.01
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Logistic regression: IADL items as predictors of MCI and dementia
Table 11 shows the results of logistic regression modeling using stepwise
selection of individual IADL items (except items 6, 19 and 24 mentioned above) that
significantly predict early and mild cognitive impairment (CDR≥0.5). Significant IADL 
predictors are item 1 (finding personal belongings), item 5 (managing finances), item 8
(keeping appointments) and items 13 (reading then talking about what he/she read). (See
Table 11 Mode1) A new variable (Short 4IADL) is created by arithmetically summing
the total score of these four items, with values ranging from0 to 11. These IADL items
correctly classify 81% of the subjects as MCI-AD.
Logistic regression: IADL and memory items as predictors of MCI and dementia
In as much as there are differences among three groups in terms of MMSE, LMI,
LMII, informant report of memory complaints, and short 4IADL, we put them together as
independent variables into a logistic regression model. Model 2 indicates that only short
4IADL, informant memory complaints, and logical memory delayed recall (LMII) are
independent predictors of cognitive impairment (CDR≥0.5) with corect classification 
86.8%. The enhanced model improved multiple R2 from 0.56 to 0.75.
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Table11. Results of multiple logistic regression analysis
Coefficient S.E. P value Odds ratio 95.0% C.I.
Model 1 ADLs (Q1,Q5, Q8, Q13)
R2=0.56 Correct classification=81.1%
Finding personal belongings at home -1.199 0.608 0.049 0.301 0.091 0.993
Managing finance -1.267 0.591 0.032 0.282 0.088 0.897
Keeping appointments -1.131 0.481 0.019 0.323 0.126 0.828
Reading -0.569 0.231 0.014 0.566 0.360 0.890
Model 2
R2=0.75 Correct classification=86.8%
Summed score of 4 IADL items -.534 0.215 0.013 0.586 0.385 0.893
Informant report of memory problem 2.424 0.609 0.000 11.295 3.424 37.256
Logical memory delayed recall -.400 0.173 0.021 0.670 0.478 0.940
Receiver operating characteristics (ROC) analyses
ROC curves provide information that discriminates cognitively impaired subjects
from normal subjects. In Table 12, Figure 1 and Figure 2, ROC curves and their
corresponding areas under the curve (AUC) values are calculated for each instrument
individually and in combination. All of them demonstrate sensitivities and specificities
for screening tests that distinguish subjects with MCI-AD from normal subjects
(P<0.001).
Four ROC curves of different single screening instruments are showed separately
in Figure 1. Among the screening instruments, MMSE has the smallest AUC (77.9%),
indicating that it has the lowest power to distinguish cognitively impaired subjects (MCI
plus AD) from normal subjects. The Short 4IADL Scale, LMI and LMII have better
discriminative powers. The ROC curve of new Short 4IADL Scale extends further to the
left upper-hand corner and has greater AUC of 84.7% than MMSE, although the
improvement is statistically insignificant (P>0.05). Similarly, there is no statistically
significant improvement when comparing the ROC curves for LMII and Short 4IADL
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Scale (P>0.05). However, the LMII test is the most discriminating single instrument, and
gave statistically significant improvement over MMSE in screening cognitive impairment
individuals (P<0.05).
On the other hand, combinations of these individual instruments give greater
AUC values than any of the single instruments alone. An instrument that combines
informant report of memory loss and logical memory delayed recall give an AUC of
94.1%; alternatively, an instrument that combines informant report of memory loss with
Short 4IADL Scale give an AUC of 91.6%; combining informant report of memory loss,
Short 4IADL scale and logical memory delayed recall give the largest AUC (94.5%). The
less discriminating combined instrument (‘informant report of memory loss’ and ‘new 
Short IADL’) has only marginaly greater discriminatory power (AUC=0.916) than the 
most discriminating individual instrument, LMII (AUC=0.908). Nevertheless, Z-score
analysis indicates that this combination of short 4IADL Scale, LMII and informant report
of memory loss does have more discriminatory power than using either Short IADL or
MMSE alone (P<0.05). Also, combining informant report of memory loss and new short
4IADL performed better than either Short 4ADL or MMSE alone (P<0.05).
Figure 2 illustrates ROC curves of several combinations and one single
instrument, namely informant report of memory loss. There are no significant differences
among four areas under ROC curves of different combined variables (p>0.05). This
indicates that combining any three of memory complaint of informant, logical memory
delayed recall, and new short 4IADL is not superior to any other combinations.
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Table12. Areas under curve (AUC) from ROC analyses for different single and
combined variables





1. MMSE 0.779 0.040 0.001
1. Informant report of memory loss 0.832 0.037 0.001
1. Summed score of 4 IADL items 0.847 0.033 0.001
1. Logical Memory I 0.871 0.032 0.001
1. Logical Memory II 0.908 0.028 0.001
1. Informant report of memory loss, and
2. Summed score of 4IADL items 0.916 0.023 0.001
1. Logical Memory II
2. Summed score of 4 IADL items 0.924 0.027 0.001
1. Informant report of memory loss, and
2. Logical Memory II 0.941 0.019 0.001
1. Informant report of memory loss,
2. Summed score of 4 IADL items, and
3. Logical memory II
0.945 0.019 0.001
a. Under the nonparametric assumption
b. Null hypothesis: true area = 0.5
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Diagonal segments are produced by ties.
ROC Curve






Figure 1, ROC curves of single measurement tools.
4IADL (ADCS-MCI ADL item1+item5+item8+item13); LMI (Logical Memory
immediate recall); LMII (Logical Memory delayed recall); MMSE (Mini-Mental State
Examination).
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Diagonal segments are produced by ties.
ROC Curve
Figure 2, ROC curves of different combined tools and one individual tool (informant
report of memory loss).
4IADL (ADCS-MCI ADL item1+item5+item8+item13); LMII (Logical Memory delayed
recall).
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Table 13 lists the sensitivity and specificity at different cut-offs for different
screening tests. The optimum cut-offs which maximize both sensitivity and specificity
simultaneously are chosen because the corresponding points lie closest to the upper left-
hand corner. There are similar acceptable results pertaining to ‘informant complaint of 
memory problem’ and ‘logical memory delayed recal’, the former with asensitivity and
a specificity of 85.7% and 80.7%, the latter with a sensitivity of 85.7% and a specificity
of 83.0% at a cut-off of 5. However, MMSE does not perform well in screening for mild
cognitively impaired subjects. Both sensitivity and specificity are relatively low
according to the optimum cut-off score of 25. In our sample 69.6% of the subjects with
mild cognitive impairment and AD (CDR≥0.5) had MMSE ≤25. On the other hand, 
65.9% of the subjects with CDR=0 had MMSE>25. By itself, the new short 4IADL Scale
also does not have very high sensitivity (78.6%) and specificity (67%), using the cut-off
of 8. If we use the cut-off of 7 the sensitivity decreases to 60.7% though the specificity
increases to 93.2%. Nevertheless, both results are better when we combine the variable
informant report of memory loss with the new short 4IADL scale. The sensitivity and
specificity are 85.7% and 85.2% respectively, with the positive likelihood ratio of 5.79 if
the predicted probability of cognitive impairment (CDR≥0.5) is over 34.8%. Adding
another test logical memory delayed recall to this combined test improves the sensitivity
and specificity to 89.3% and 88.6% with the positive likelihood ratio of 7.83. Other
combinations of the single tests achieve similar range of results with different optimum
cut-offs showed in table 13. For each combined instrument corresponding equivalent
summed score is also calculated and shown. The score of informant memory report (0=
no; 1= yes) should be negative in the formula because the scores of memory and function
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are calculated in the opposite direction of it and with the meaning that higher scores
represent better performance. For instance, the summed score of 4IADL, LMII, and
informant report of memory loss equals the score of 4IADL plus the score of LMII minus
the score of informant report of memory loss.
Table13. Criterion validity of screening instruments for cognitive impairment
(MCI-AD)
Sensitivity (%) Specificity (%) Likelihood ratio
MMSE
≤24 64.3 73.9 2.46
≤25 69.6 65.9 2.04
Informant report of memory loss 85.7 80.7 4.44
4 IADL Summed Score
≤7 60.7 93.2 8.92
≤8 78.6 67.0 2.38
Logical memory I
≤5 73.2 89.8 7.18
≤6 78.6 84.1 4.94
≤7 83.9 77.3 3.70
Logical memory II
≤5 85.7 83.0 5.80
≤6 92.9 72.7 3.40
Informant report of memory loss , 4IADLs
Weighted score ≥0.348 85.7 85.2 5.79
Equivalent summed score ≤ 9
4 IADLs, LMII
Weighted score ≥0.404 87.5 90.9 9.62
Equivalent summed score ≤ 14
Informant report of memory loss, LMII
Weighted score ≥0.387 87.5 87.5 7.00
Equivalent summed score ≤ 7
Informant report of memory loss, 4IADLs, LMII
Weighted score ≥0.414 89.3 88.6 7.83
Equivalent summed score ≤ 15
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CHAPTER 4 DISCUSSIONS
LMI and LMII
The scores of Logical Memory immediate recall (LMI) and delayed recall (LMII)
in this research are significantly different among normal (CDR=0), MCI (CDR=0.5), and
dementia group (CDR≥1). Normal subjects have significantly higher scores of 10.59±4.0
and 9.34±4.07 both in LMI and LMII tests, when compared to elders with MCI who give
score of 5.78±3.69 and 3.84±3.72 separately. Also, between two groups, the score of LMI
is a little higher than the score of LMII in both groups. The scores of dementia group are
far lower than the two groups above. Most dementia patients could not recall nearly any
information about the story in the delayed test. These results are partly supported by other
studies which focused on the application of LMI and LMII. Earlier studies (Robinson-
Whelen et al., 1992; Chapman et al., 1997) analyzed two groups of subjects which were
classified by CDR scores as non-demented (CDR=0) and very mildly demented
(CDR=0.5) and were compared with respect to the scores of LMI and LMII. Very mildly
demented subjects performed worse on tests of immediate and delayed recall with scores
of 4.46±2.4 and 1.84±2.5 separately compared to non-demented subjects with scores of
8.52±2.7 and 5.90±3.1. In another study (Marquis et al., 2002), participants with
questionable dementia (CDR=0.5) had scores of 8.6±5.0 in LMI test and 6.9±4.8 in LMII
test, which were also less than that of subjects without dementia (LMI=11.0±4.2,
LMII=13.3±5.1). Subjects with very mild dementia could not perform well in prose recall
procedure due to the disruption of encoding process (Robinson-Whelen et al., 1992).
Logical memory delayed recall performance therefore has the ability to predict
questionable dementia (Marquis et al., 2002). Our study also provides evidence in
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support of using LMII to screen for MCI and AD. Among the four single screening tools
LMII has the largest AUC (90.4%), and thus suggesting that it has the greatest power to
distinguish cognitive impairment (CDR≥0.5) in elderly subjects. Using an optimum cut-
of of ≤5, the sensitivity and specificity are 85.7% and 83.0% respectively.  Logical 
memory also has good correlation with MMSE (r=.4266 P<0.001) in samples of subjects
with complaints of memory problems. This was demonstrated in an Italian study and the
LM test was strongly recommended as a useful tool for rapid investigation of cognitive
impairment in otherwise healthy geriatric subjects (Ferrario et al., 1998).
However, the scores of LM test have a wide range of variability in different
groups of subjects. For example, in our sample the score range of LMII is from 1 to 19
within normal group (CDR=0) and 0 to 15 within MCI group (CDR=0.5). Obviously,
there is an overlap between MCI and normal subjects with respect to the performances of
LMII. Theoretically, subjects with MCI should not get as high as 15 which is a good
score. But in our MCI group 3 (8.1%) subjects obtained scores between 13 and 15.
Chapman et al (1997) also reported 3 (3%) subjects from normal group recalled nothing
after 30 minutes delay. This kind of performance should only appear in cognitively
impaired subjects but not in normal controls. Therefore we should evaluate the results of
LMI and LMII with caution if we use logical memory subtest alone to screen for
cognitive impairment in elderly subjects.
On a practical note, it usually takes over half an hour to finish delayed recall and
there must be a good cooperation from subjects. Many elderly subjects and clinical
practitioners also consider such neuro-psychological tests demeaning. Given these
disadvantages, this procedure is not widely acceptable and used in clinical work.
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MMSE
Although MMES is frequently utilized by many researchers and effective in
screening for established dementia, MMSE lacks strong power to distinguish very mild
dementia or mild cognitive impairment from normal elders. (Xu et al., 2002; Tombaugh
et al., 1992) In our sample, although there are statistically significant differences in the
MMSE scores among normal, MCI and dementia groups, the difference between the
scores of normal subjects (26.32±3.11) and MCI subjects (24.24±3.77) is not large. The
low sensitivity (64.3%-69.6%) and specificity (65.9%-73.9%) of MMSE with optimum
cut-off (24-25) support other studies demonstrating that MMSE is insensitive in correctly
classifying those with very early stage of dementia or mild cognitive impairment
(Leopold et al., 1997). From the observations of AUC curves, MMSE has the smallest
area among the four single screening tools (AUC=77.9%), compared to other instruments.
MMSE discriminates mild cognitive impairment from cognitively intact subjects less
than the short 4IADL scale does, although not to a significant extent (P>0.05). MMSE
also significantly has less power to discriminate mild cognitive impairment in subjects
than LMII (P<0.05).
A limitation in using MMSE is its dependency on educational level of the subjects.
If the educational history of subjects is ignored, a score of lower than 24 is generally
taken to be indicate cognitive impairment (Barberger-Gateau et al., 1992). However a
subject without any education could be cognitively normal even with a score lower than
24. Researchers have investigated specifically the effects of low education on
performance. A study in Shanghai surveyed 5055 community-dwelling elderly over 55
years old with a Chinese version of MMSE which is similar to the original version. They
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suggested that a score lower than 25 for elders with at least formal middle school
education, or lower than 21 for subjects with only primary education, or lower than18 for
old persons without education could be considered abnormal (Katzman et al., 1988).
Our sample has the similar educational background as many of the subjects did
not have the chance to receive education when young. In our normal group, all subjects
obtained a MMSE score over 18 except for two subjects who scored 15. The fact that
these two subjects did not receive any education at all may contribute to the low score in
MMSE test. In the sample of subjects, however, the distribution of subjects’ educational 
years is similar among three groups.
Instrumental activities of daily living (IADL)
Our information is entirely obtained from informants who accompany subjects
nearly every day and are sensitive to the changes of subjects’ activities. Therefore it 
maximally reduces the inaccuracy of data collection although both the personality and the
affective state of informant can influence the performances (Jorm et al., 1996).
Studies have shown that in patients with established dementia, loss in IADL
functioning often precedes basic ADL, especially on relatively difficult tasks which
depend on recent memory, such as recalling recent events, dealing with money, and
remembering a short list (Galasko et al 1995). Since MCI is thought to be the
intermediate stage between normal aging and mild dementia, there are therefore reasons
to doubt the ability of MCI subjects to perform IADL. This was supported by the results
of this study, and, in agreement with several earlier studies, we observed that MCI
subjects performed significantly worse than normal subjects on 12 IADL items that
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involve complex management tasks. Among them, we short-listed 4 items as strong
predictors, independently of other IADL items, of cognitive impairment in MCI and AD
patients. These four IADL items are finding belongings, managing finances, keeping an
appointment, and reading then talking about newspapers/magazines/novels, which require
the use of recent memory.
We propose a summed score of four items in a new short scale (4IADL) that
could be used as a screening tool to distinguish subjects with MCI and AD. Used alone,
the 4IADL Scale has only modest power in identifying positive cases of cognitive
impairment (sensitivity of 61% and specificity of 93%). This was also reported in a study
in Australia (Cromwel et al 2003) for three Lawton and Brody’s IADL items (telephone 
use, self-medication, and handling finances, sensitivity of 71% and specificity of 75%)
and in France (Barberger-Gateau et al 1992) for four Lawton and Brody’s IADL items 
(telephone, medication, budget, and transportation, sensitivity 62% and specificity 80%).
Apart from managing money, however, the short-listed activities in our study are
different from the items adopted in the two researches mentioned above. This difference
could be contributed by the fact that we used different IADL questionnaire and different
diagnostic criteria. Cromwell et al (2003) believed cognitive impairment could be
identified when the score of Short Orientation-Memory-Concentration (OMC) was no
less than 11. In Barberger-Gateau’s study, on the other hand, a score of MMSE less than
24 represented cognitive impairment (Barberger-Gateau et al 1992).
    Combining ‘informant report of memory problem’ which has high sensitivity 
(85.7%) with 4IADL gives better screening accuracy (92%) than either alone (83% and
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85%). The combined test showed good sensitivity and specificity of 85.7% and 85.2%
respectively. With a pre-test probability (prevalence) of cognitive impairment due to MCI
and early AD of 35% in this study, the positive predictive value of this combined test was
79%. Although better screening ability could be achieved by adding the Logical Memory
Delayed Recall, various combinations, even with all three tests together, do not improve
the screening power significantly much more, with the highest sensitivity and specificity
achieved being both 89%. The combination of two informant-based instruments has great
practical advantages over combination with neuro-psychological tests, in that both are
simple questionnaires that are easy to use. As they can be completed much more quickly
and conveniently, it is greatly applicable for clinical practice in screening for mild
cognitively impaired subjects in the community. It also simulates the usual situation in
primary care practice where patients and/or informants presenting with memory
complaints can be screened easily and quickly with specific questions on performance of
IADL, while minimizing the number of further unnecessary time-consuming
neuropsychological tests and clinical investigations.
Memory complaints of subjects or informants
Memory complaints of informants rather than subjects are significantly different
among three groups. In AD group 100% of the informants report that subjects have
memory problem compared with 73.7% of subjects reporting memory problems. This is
not surprising because some subjects with even mild AD may have already lost the
capacity for introspection. There are no MCI subjects with neither subjective nor
objective memory complaints. Sometimes, elderly subjects refuse to admit to memory
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problems even though their tests prove this deficiency. Conversely, some elders may just
complain that they have memory problems whereas their scores on memory tests are
satisfactory. This kind of complaint could be secondary to depression and not to real
cognitive deficit where the subjective memory symptoms might be resolved with
treatment of depression (Karlawish & Clark., 2000). Therefore, researchers should
depend more on informants than subjects because their assessments correlate well with
objective performances (Petersen et al., 1999). Cognitive memory complaints can
correctly classify subjects with MCI-AD with a probability of 83.2%. As mentioned
above a slightly better result could be achieved when we combine memory complaints of
informants with other variables such as short 4IADL or LMII.
Clinical dementia rating (CDR) scale
We have used the CDR as ‘gold standard’ criteria to define mild cognitive 
impairment. The CDR has been used in longitudinal researches and clinical trials as to
stage the severity of Alzheimer’s disease (Morris, 1993). It is a global rating device
which depends on the clinical information without reference to neuropsychological
performances. It also is a semi-structured questionnaire relying on information from both
subjects and informants. In our research, CDR is used to classify subjects as normal
(CDR=0), MCI (CDR=0.5), mild AD (CDR=1) and moderate AD (CDR=2). A previous
study which had evaluated a new cognitive screening test (DemTect) also used CDR as
‘gold standard’ (Kalbe et al., 2004). In that research there were 145 normal controls
(CDR=0), 121patients with possible AD of mild to moderate severity (CDR=1, 2), and 97
subjects with MCI according to the Peterson criteria (CDR=0.5). With an optimum test
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cutof of 13, the DemTect test distinguishes al patients (CDR≥0.5) from normal controls 
with a sensitivity of 85.1% and a specificity of 97%. This result is comparable to our
study.
The CDR sum of box scores (range, 0-18) is calculated as one measure of disease
severity. In our research the MCI subjects have a mean CDR total score of 1.2 which
could be accounted for by memory impairments. On the contrary, AD patients have a
mean CDR total score of 7.6 which is much higher than MCI subjects. This could be
explained by the patients’ impairments in functional domains.
The use of CDR to classify different subjects as normal or MCI/AD has its
limitations, although both physicians and non-physicians can be equally adept at using
CDR (Morris et al., 1997). First, the subjects with CDR=0.5 are probably in a very early
stage of senile dementia of Alzheimer’s type (Hughes et al., 1982; Forsell et al., 1992).
Petersen et al (1999) also pointed out that a small proportion of subjects (48/124) with
CDR=0.5 were diagnosed as AD patients by consensus team which included neurologists,
geriatrician, neuropsychologists, nurses and other study personnel. In most situations,
subjects with MCI are expected to have CDR scores of 0.5. On the other hand, CDR=0.5
itself should not be taken to equate with MCI. Therefore there must be a prerequisite of
excluding the demented before making the diagnosis of MCI. In this study, the selection
of MCI subjects satisfies the prerequisites that they are non-demented and do not have
any other causes of cognitive impairment other than gradual intellectual deterioration.
Secondly, the agreement between CDR and DSM-III-R for questionable and mild cases is
poor (Forsell et al., 1992). The CDR=0.5 cases range from 19 to 27 on the MMSE
compared with the mild dementia from 8 to 26. Even with strict and scientific training, it
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may be difficult to precisely identify subjects who are CDR=0.5, hence variability in
CDR determinations is greater (Morris et al., 1997). Thirdly, some subjects with
CDR=0.5 could be rated healthy several months or years later (Hughes et al., 1982;
Ritchie et al., 2001). This may be due to the criteria of MCI which itself is controversial
and lacks the support of specific tests. Given these limitations, nevertheless, CDR is so
far a relatively good global questionnaire with satisfactory validity and reliability in
distinguishing among older subjects with a wide range of cognitive function, from
healthy to severely impaired condition.
The characteristics of subjects in this study should be noted, as they are all
Chinese elderly persons with less education than subjects from Western countries.
Whereas most elderly subjects in Western studies received over 10 years of education,
most elderly persons in Singapore received only less than 6 years of education; about one
third of them had no education at all. This has an influenceon the subjects’ performances 
in tests which favored persons with higher educational attainment. It was evident when
subjects were administered the judgment and problem solving items of the CDR. Solving
those questions which are about similarities and differences between two objects
definitely needs abstract reasoning abilities. From our findings, hardly any one with less
than 6 years of education can give satisfactory answers. In this sample, the distribution of
the subjects’ age, gender, and education year is similar across the three groups (Normal,
MCI, and probable dementia of Alzheimer’s type). Hence, the results are not likely to be 
affected by possible confounding on this account.
In clinical practice, physicians could spend a relatively short time to apply this
new screening instrument (4IADL plus memory complaint from informant) to the elderly.
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For suspected individuals, more time could be spent on further investigations with
appropriate instruments. This strategy is time-saving for busy doctors in clinics. In turn,
subjects with MCI could receive careful follow-up and suitable intervention with
effective new therapies to prevent the further development of AD.
Our study has a small sample size, with only 37 MCI subjects and 19 dementia
patients. With larger sample sizes, the differences between three groups in terms of IADL
items would be more statistically significant. The performance of this new short
screening instrument could also be compared with similar instruments used in this sample
in a large external sample. Our research used a cross-sectional sample design and allowed
for only concurrent validation of the screening instruments. A prospective longitudinal
study of MCI subjects would permit us to determine the subjects’ subsequent change in 
cognitive status several years later. According to the assumption that MCI should develop
to AD over time, the proportion of subjects with MCI who progress to dementia would
provide definitive validation of MCI status and confirm the predictive validity of the
screening instruments. For example, final diagnosis of AD can be used as the ‘gold
standard’for determining correctness of MCI which is diagnosed at baseline. For those
individuals with MCI who develop AD, we identify it as a true positive case of MCI. On
the other hand, for normal subjects at base line who sustain the status during follow-up,
we identify it as a true-negative case of non-MCI. Therefore we will be able to compare
the performances of different screening instruments with more confidence. Additionally,
studies involving neuroimaging, neuropathology and biomarkers of MCI can also be
attempted to better understand early AD in elderly Singaporeans.
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CHAPTER 5 CONCLUSION
There is significant difference among normal, MCI and AD group in the
performance of instrumental activities of daily living. MCI subjects perform worse than
normal subjects but better than AD patients. We have identified four source items from
the ADCS-MCI IADL scale (finding belongings, managing finances, keeping
appointments, and reading followed with discussing contents) which form a simple and
short IADL indicator with satisfactory ability of predicting MCI and early AD. This
indicator when combined with a single item ‘informant report of memory decline’ has 
satisfactory validity as a screening tool to identify subjects with mild cognitive
impairment and AD. This screening combination is more discriminating than the MMSE,
and is less time-consuming and more acceptable than neuro-psychological testing using
logical memory delayed recall. Further studies should evaluate the predictive validity in a
larger sample of prospectively followed up subjects.
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Appendix
(Scorings were shown as given in the original questionnaire. The score of informant
report of memory problem should be negative and added on to the positive scores for
4IADL, or vice versa, for assessment).
Summed score= the score of 4IADl-the score of informant report of memory problem
Informant Report of Memory Problem




(Modified from ADCS-MCI Activities of daily Living Inventory)
In the past 4 weeks, which best describes how he/she usually manage to find his/her personal
belongings at home?
0 not able to manage
1 with physical help
2 with supervision
3 without supervision or help
In the past 4 weeks, which best describes how he/she usually manage his/her own
finance?
0 with physical help
1 with supervision
2 without supervision or help
In the past 4 weeks, which best describes how he/she usually manage to keep appointments or
meetings with other people, such as relatives, a doctor, the hairdresser, etc.?
0 not able to manage
1 usually did not remember, in spite of verbal reminders on the day
2 only remembered the appointment after verbal reminders on the day
3 usually remembered, may have needed written reminders
e.g., notes, a diary, or calendar
In the past 4 weeks, did he/she read a magazine, newspaper or book for more than 5 minutes at
a time?
0 No or don’t know
1 Yes, select or ask for something to read but usualy doesn’t talk about it
2 Yes, talk about details while or shortly (less than 1 hour) after reading
3 Yes, talk about what he/she reads 1 hour or longer after reading
